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HIGH VOLTAGE TOLERANT SWITCH 
CONSTRUCI‘ED FOR A LOW VOLTAGE CMOS 

PROCESS 

This is a divisional of application Ser. No. 
08/042,045, ?led Mar. 31, 1993 and patented (US. Pat. 
No. 5,399,917) on Mar. 21, l995. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
This invention relates to computer systems and, more 

particularly, to methods and apparatus for switching 
high voltages in circuitry manufactured by processes 
typically used to provide low voltage tolerant inte 
grated circuitry. 

2. History Of The Prior Art 
A major trend in the manufacture of personal com 

puters is toward portable computers which are able to 
provide most of the abilities of desktop computers but 
are packaged in a very small and light package. In order 
to accomplish this, such portable computers must pro 
vide the large storage capacity and the processor speed 
necessary to run large programs. A typical prior art 
portable computer uses a great deal of power in order to 
meet these requirement. 
At the same time, computer designers are modifying 

the components used in such portable computers so that 
the computers are able to run for long periods while 
consuming very small amounts of power. In order to 
reduce power consumption and extend battery life, 
much of the integrated circuitry used in portable com 
puters is being redesigned to run at low voltage levels. 
This reduces the power usage and allows more compo 
nents to be placed closer to one another in the circuitry. 
The modern circuitry and components used in portable 
computers are being designed to operate at 3.3 volt 
levels. This helps a great deal to reduce the power needs 
of portable computers. 
However, at the same time, the desire to make porta 

ble computers offer all of the advantages of desktop 
computers opposes this salutary result. Many of the 
advantages offered by desktop computers require 
higher voltages to function. For example, one real con— 
venience is the ability to change the BIOS processes as 
improvements in the computer or its peripherals occur. 
Historically, this has been accomplished by removing 
the EPROM or similar circuitry providing the read 
only memory for storing the BIOS processes and re 
placing it with new circuitry. This is a complicated 
operation beyond the abilities of many computer users. 
Recently, ?ash. EEPROM memory has been used to 
store BIOS processes. This memory may be repro 
grammed without removing the BIOS circuitry from 
the computer by running a small BIOS update program 
to reprogram the circuitry when the BIOS processes 
change. However, reprogramming ?ash EEPROM 
memory requires from seven to twelve volts to accom 
plish. The integrated circuits designed for low voltage 
use are not able to tolerate such high voltages without 
physical damage. 
Another form of flash EEPROM memory array pro 

vides another example of high voltage requirements in 
portable computers. Recently, a new form of long term 
random access storage has been devised using ?ash 
EEPROM memory arrays. These arrays provide the a 
smaller lighter functional equivalent of a hard disk drive 
which operates more rapidly and is not as sensitive to 
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2 
physical damage. Such memory arrays are especially 
useful in portable computers where space is at a pre 
mium and weight is extremely important. However, 
these ?ash EEPROM memory arrays also require much 
higher voltages for writing and erasing data than can be 
tolerated by prior art integrated circuitry adapted to 
operate at low voltages. Consequently, portable com 
puters using low voltage circuitry have not been able to 
utilize these modern advantages. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide integrated circuitry by which various circuit 
operations requiring high voltage may be carried out 
using integrated circuitry which is designed for low 
voltage operations. 

It is another, more speci?c, object of the present 
invention to provide a circuit for switching high volt 
ages to program a memory array in integrated circuitry 
designed for low voltage usage. 
These and other objects of the present invention are 

realized in an integrated circuit which includes a pair of 
serially arranged P channel transistor devices con 
nected with their source and drain terminals in series 
and designed to be used to switch high voltages in an 
integrated circuit designed for a low voltage operations. 
The devices are constructed as N well devices in a P 
substrate. Using a pair of N well devices allows higher 
voltages to be divided and applied across the two de 
vices without reaching the breakdown limits of either 
the oxide or the junctions between different portions of 
the devices used in the process. These devices have 
been found capable of transferring ten or more volts to 
circuitry for programming or erasing ?ash EEPROM 
cells even though the devices are a part of integrated 
circuitry designed for only 3.3 volt usage. 
These and other objects and features of the invention 

will be better understood by reference to the detailed 
description which follows taken together with the 
drawings in which like elements are referred to by like 
designations throughout the several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a computer 
system including the present invention. 
FIG. 2 is a cross-sectional drawing illustrating a side 

view of the construction of a pair of transistor devices 
which may be used in accordance with the present 
invention. 
FIG. 3 is a circuit diagram illustrating a ?rst arrange 

ment in accordance with the invention for switching 
high voltages in an integrated circuit designed for low 
voltages. 
FIG. 4 is a circuit diagram illustrating a second ar 

rangement in accordance with the invention for switch 
ing high voltages in an integrated circuit designed for 
low voltages. 

Notation And Nomenclature 
Some portions of the detailed descriptions which 

follow are presented in terms of symbolic representa 
tions of operations on data bits within a computer mem~ 
ory. These descriptions and representations are the 
means used by those skilled in the data processing arts 
to most effectively convey the substance of their work 
to others skilled in the art. The operations are those 
requiring physical manipulations of physical quantities. 
Usually, though not necessarily, these quantities take 
the form of electrical or magnetic signals capable of 
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being stored, transferred, combined, compared, and 
otherwise manipulated. It has proven convenient at 
times, principally for reasons of common usage, to refer 
to these signals as bits, values, elements, symbols, char 
acters, terms, numbers, or the like. It should be borne in 
mind, however, that all of these and similar terms are to 
be associated with the appropriate physical quantities 
and are merely convenient labels applied to these quan 
tities. 

Further, the manipulations performed are often re 
ferred to in terms, such as adding or comparing, which 
are commonly associated with mental operations per 
formed by a human operator. No such capability of a 
human operator is necessary or desirable in most cases 
in any of the operations described herein which form 
part of the present invention; the operations are ma 
chine operations. Useful machines for performing the 
operations of the present invention include general pur 
pose digital computers or other similar devices. In all 
cases the distinction between the method operations in 
operating a computer and the method of computation 
itself should be borne in mind. The present invention 
relates to apparatus for operating a computer in pro 
cessing electrical or other (e.g. mechanical, chemical) 
physical signals to generate other desired physical sig 
nals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, there is illustrated a com 
puter system 10. The system 10 includes a central pro 
cessor 11 which carries out the various instructions 
provided to the computer 10 for its operations. The 
central processor 11 is joined to a bus 12 adapted to 
carry information to various components of the system 
10. Joined to the bus 12 is main memory 13 which is 
typically constructed of dynamic random access mem 
ory arranged in a manner well known to those skilled in 
the prior art to store information during a period in 
which power is provided to the system 10. Also joined 
to the bus 12 is read only memory 14 which .may in 
clude various memory devices well known to those 
skilled in the art which are adapted to retain a particular 
memory condition in the absence of power to the sys 
tem 10. The read only memory 14 typically stores vari 
ous basic functions used by the processor 11 such as 
basic input/output processes and startup processes typi 
cally referred to as BIOS processes. Such memory 14 
may be constructed of ?ash EEPROM memory cells 
adapted to be modi?ed as various ones of the BIOS 
processes used by a particular computer are changed. If 
the memory 14 is constructed of ?ash EEPROM mem 
ory cells, it may be modi?ed by running an update 
process on the computer itself to reprogram the values 
stored in the memory 14. 
Also connected to the bus 12 are various peripheral 

components such as long term memory 16. The con 
struction and operation of long term memory 16 (typi 
cally electro-mechanical hard disk drives) is well 
known to those skilled in the art. However, rather than 
the typical electro-mechanical hard disk drive, a ?ash 
EEPROM memory array may be used as the long term 
memory 16. Such ?ash EEPROM memory arrays are 
programmed and erased through techniques which 
utilize voltages greater than the 3.3 volts available to 
the integrated circuits of more advanced portable com 
puters. Also joined to the bus 12 is circuitry such as a 
frame buffer 17 to which data may be written which is 
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4 
to be transferred to an output device such as a monitor 
18 for display. 
FIG. 2 is a cross-sectional view of two transistor 

devices 20 and 21 designed in accordance with the 
present invention. These devices 20 and 21 may be 
constructed in a manufacturing process which utilizes 
conventional CMOS techniques. The present invention 
is adapted to be used with such a process which is de 
signed to provide circuitry constructed to function at 
low power levels. Such circuitry typically includes 
integrated circuits basically comprised of N channel 
?eld effect transistor devices capable of running at 
source voltages of 3.3 volts. A manufacturing process of 
this sort typically provides oxide insulating coatings 
which are approximately 70 angstroms in thickness. 
Such coatings are able to withstand voltages of approxi 
mately ?ve volts without being subject to electron tun 
neling which tends to break down and destroy the oxide 
layer and the effectiveness of the devices. This level of 
voltage is relatively low compared to the voltages of 
from seven to twelve volts used to program and erase 
?ash EEPROM memory arrays. 
Not only is the voltage tolerance of the oxide layers 

of such circuitry much lower than the voltages required 
to program and erase flash EEPROM memory arrays, a 
manufacturing process of this sort produces semicon 
ductor junctions which are able to withstand various 
levels of breakdown voltages which are less than the 
voltages required to program and erase flash EEPROM 
memory arrays. The various levels of breakdown volt 
ages at semiconductor junctions produced by such a 
process depend on the particular doping of the layers 
and the abruptness of the junction pro?le. For example, 
a junction in which both the N and P regions are highly 
doped produces a sharp N+to P+ junction between 
regions may be able to withstand voltages of only from 
a few volts without breakdown. A junction between 
N+and P—regions, on the other hand, may be able to 
withstand voltages of from seven to nine volts without 
breakdown, while a junction between N-and P-re 
gions may be able to withstand voltages of approxi 
mately 20 volts. 
Thus, various circuitry which uses ?ash EEPROM 

memory devices and is especially useful in portable 
computers requires from seven to twelve volts for por 
tions of its operation. However, the ?ash EEPROM 
memory devices must be a part of integrated circuits 
which are designed to operate at 3.3 volts and suffer 
both oxide breakdown and junction breakdown at volt 
ages which are lower than the erase and program volt 
ages of the ?ash EEPROM arrays. The typical N chan 
nel ?eld effect transistor devices produced by the pro 
cess described above utilize N+source and drain con 
nections in a P—substrate; and such devices have an 
upper limit of seven to nine volts before breakdown 
However, the ?ash EEPROM memory arrays are 

very light in weight,-store a great deal of data in a very 
small space, are not subject to many of the mechanical 
hazards of hard disk drives, and are much more error 
free than are hard drives. Consequently, it is very desir 
able that novel adaptations be found which allow their 
use in arrangements with low voltage integrated cir 
cuitry. An example of a ?ash EEPROM memory array 
which may be used in place of a hard disk drive is given 
in US. patent application Ser. No. 07/969,131, entitled 
A Method and Circuitry For A Solid State Memory Disk, 
S. Wells, ?led Oct. 31, 1992, and assigned to the as 
signee of the present invention. 
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As may be seen in FIG. 2, each of the devices is 
placed in a separate N—well in the basic P—type silicon 
material. Each of the devices includes a P+type vol 
ume in the N-well de?ning a source, a P+type vol 
ume in the N-well de?ning a drain, a layer of silicon 
dioxide insulating material, and a gate terminal sepa 
rated from the surface of the well (including the sur 
faces of the well which include the source and drain) by 
the silicon-dioxide insulating material. Each of the de 
vices has a body tap of N+polarity formed in the 
N—well. A conductor from a source of high voltage 
which may be used for programming ?ash EEPROM 
devices joins to the body tap and to the source terminal. 
The drain terminal of one device is joined to the body 
tap and the source terminal of the other device. The 
gate terminals of the two devices are joined together 
and each gate terminal receives 3.5 volts in an on condi 
tion. An N+integrated circuit resistor is formed in an 
N-doped region adjacent the ?rst of the devices and 
may be connected in series with the devices in a manner 
explained below to help limit current through various N 
channel devices. 
The foregoing arrangement allows a high voltage 

such as seven volts to be applied at the source terminal 
of one P channel device 20 and switched to the drain 
terminal of the other P channel device 21 without pro 
ducing a voltage larger than that which the integrated 
circuit is designed to tolerate across any junction be 
tween two differently doped regions or across any sili 
con dioxide layer of the two devices. For example, in 
the arrangement shown in FIG. 2, the voltage between 
the gate and source terminals, and thus across the sili 
con dioxide layer which separates those regions of the 
devices, can never be greater than 3.5 volts in the con 
ducting condition of the device. Similarly, the voltage 
between the gate and drain terminals and across the 
silicon dioxide layer which separates those regions can 
never be greater than 3.5 volts in the conducting condi 
tion of the device. Similarly, except for the N-well to 
P—substrate which can withstand well above seven 
volts, the voltage across none of the semiconductor 
boundaries is greater than from three to four volts, an 
amount insuf?cient to cause breakdown of the P+to 
N—- junctions, during any operating condition of these 
devices. The total value of Vpp (the voltage of the high 
voltage source) does not appear across the drain to 
source terminals of either of the two devices in any 
condition of the devices as will be seen. Consequently, 
the devices are well able to handle the high voltages 
furnished without any breakdown of the junctions or 
the silicon dioxide insulating layer. 

Referring now to FIG. 3, there is illustrated a circuit 
diagram of a ?rst circuit including the present invention 
which allows the use of high voltages in circuitry manu 
factured by a process which usually is used to provide 
low voltage integrated circuits comprised mainly of N 
channel devices. In FIG. 3, the two devices 20 and 21 of 
FIG. 2 are arranged in series with a resistor 25 and a N 
channel device 26. The drain and source terminals of 
the N channel device 26 are connected in series with the 
source and drain terminals of an N channel device 28 
between the resistor 25 and ground. The N channel 
device 28 may be individually selected to choose the 
path through the particular integrated circuit illustrated 
in FIG. 3. 
The drain terminal of the device 21 is connected to a 

word line at a node 29 in a ?ash memory arrangement. 
In the arrangement shown, the high voltage (seven 
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6 
volts) available from the source Vpp appears at the 
drain terminal of the device 21 and, consequently, at the 
word line when a gate voltage of 3.5 volts is applied to 
the gate terminals of each of the two P channel devices 
to switch those devices to the conducting condition. 
This word line voltage must be at least seven volts but 
need not carry any signi?cant amount of current be 
cause the word line is joined to the gate terminals of 
?ash EEPROM devices. 

It will be noted that in this condition (as was demon 
strated with regard to FIG. 2), no appreciable voltage is 
dropped between the source and drain terminals of 
either of the two P channel N well devices 20 and 21. 
Moreover, the voltage across the oxide layer separating 
the gate terminal from the P channel in these two N 
well devices 20 and 21 is at most 3.5 volts. 
The N channel devices connected below the node 29 

in FIG. 3 receive current which is limited by the cur 
rent-limiting resistor 25. When the lower N channel 
device 28 is non-conducting, approximately 4.5 volts 
appears across the upper N channel device 26; and the 
voltage at the node between the N channel devices 26 
and 28 is approximately 2.5 volts. Thus, approximately 
4.5 volts appears across the drain to source terminals of 
the N channel device 26. This is clearly within the capa 
bilities of that device. Moreover, the N channel device 
26 has Vcc (3.3 volts) at its gate terminal so that the 
voltage across the insulating oxide layer is no greater 
than 3.7 volts. Seven volts will appear between the 
drain and the substrate of the device 26 in this condition; 
but this is well within the N+to P- junction break 
down level, the well resistor 25 protects the device 26 
against accidental current surges. Similarly, only 2.5 
volts appears across the drain to source terminals of the 
N channel device 28, well within its capabilities. Conse 
quently, in the condition in which the devices 20 and 21 
are conducting, none of the devices in the circuit see 
more than approximately 3.5 volts even though a 
switching voltage of seven volts is used in the circuit. 
Consequently, no junction sees a voltage drop which 
would cause breakdown of a junction or an oxide layer. 

In the condition in which the N channel device 28 is 
on, the entire seven volts appears across the pair of 
devices 20 and 21. However, this is divided between the 
two P channel devices so no source to drain voltage is 
higher than 3.5 to four volts. When the node between 
the two devices 20 and 21 approaches four volts, the 
device 21 switches off. Consequently, neither device 20 
and 21 carries more than four volts between its drain 
and its source terminals. The gate-to-source and gate-to 
drain voltages of these devices in this condition are no 
more than 3.5 volts. In this condition, no voltage ap 
pears across the N channel devices 26 and 28 so their 
junctions and oxide layers are not stressed. 
As was explained above, the circuit of FIG. 3 may be 

conveniently used to transfer programming voltages to 
the wordlines of the-devices of a ?ash EEPROM mem 
ory array. The circuit including the switch illustrated in 
FIG. 3 draws some current in the off condition. How 
ever, since the wordlines are connected at gate termi 
nals of the ?ash devices, no signi?cant current ?ows in 
the wordline circuit. 
FIG. 4 illustrates another circuit 40 designed in ac 

cordance with the present invention to allow the use of 
high voltages on a process designed for lower voltages. 
The circuit 40 utilizes a pair of N well P channel devices 
41 and 42 similar to those illustrated in FIG. 2. These 
devices are arranged to provide voltage to a bit line at 
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a node 43 of a memory array comprised of ?ash EE 
PROM devices. Because the voltage is being furnished 
to a bit line in which current flows through ?ash EE 
PROM devices, it is necessary that a substantial amount 
of current be furnished in contrast to the circuit of FIG. 
3. Typically, only a few bit lines are selected at once 
while a much larger number remain off. If the switch of 
FIG. 3 were to be used to select bit lines, then a large 
number of switches would be drawing‘ current causing 
the circuit to overheat and limiting the number of bit 
lines and the size of the array which might be addressed. 
The circuit 40 is designed to provide a large current 

in the on condition and no D.C. current in the off condi 
tion of the switch. The circuit 40 includes in addition to 
the devices 41 and 42, an input N channel device 44 
with its source and drain terminals arranged in series 
with the source and drain terminals of another N chan 
nel device 45 and a current limiting resistor 46 between 
the drain of the device 45 and a node 47. An N well P 
channel device 48 is connected to the node 47 and to a 
source of high voltage Vpp (seven volts in one embodi 
ment). The gate terminal of the device 45 receives a 
voltage of Vcc so that an input signal of approximately 
3.3 volts at the gate terminal of the device 44 turns on 
the devices 44 and 45 and provides a current path from 
the source Vpp through the device 48. This is a low 
current path because of the size of the devices (shown 
on the ?gure). 
Another P channel N well device 50 is arranged in 

parallel with the device 48 between the source Vpp and 
the node 47. The node 47 is joined to the gate terminal 
of the device 41. The devices 48 and 41 each have their 
gates and source terminals connected to the same nodes, 
so they form a current mirror. When the device 44 is 
turned on, the voltage at the node 47 goes low. Current 
?ows through the device 48, and the device 41 is turned 
on. The current mirror arrangement with the sizes of 
the devices 48 and 50 illustrated causes the current 
through the device 50 to be ampli?ed approximately 
tens times over that ?owing through the device 48. This 
current ?ows as well through the other N well device 
42 providing the high voltage Vpp and high current at 
the bit line for transfer to the flash EEPROM devices of 
the array. 
The circuit 40 of FIG. 4 provides the same sort of 

protection for the various junction and oxide layers as 
does the arrangement illustrated in FIG. 3. It will be 
noted that a path through a pair of series connected N 
channel devices 51 and 52 and a current limiting resistor 
54 is off during the condition in which the devices 41 
and 42 are on. In this condition, a total of seven volts is 
distributed across the two devices and the resistor. In 
the off condition of the switches 41 and 42, no current 
whatsoever flows in the circuit 40 thus providing the 
second one of the desired conditions for bit line switch 
ing. 

Thus, there has been disclosed various arrangements 
of circuits by which high voltages may be switched in 
integrated circuits the transistor devices of which are 
designed for use with much lower voltage levels. 
Although the present invention has been described in 

terms of a preferred embodiment, it will be appreciated 
that various modi?cations and alterations might be 
made by those skilled in the art without departing from 
the spirit and scope of the invention. The invention 
should therefore be measured in terms of the claims 
which follow. 
What is claimed is: 
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1. A computer system comprising a plurality of inte 

grated circuits, the integrated circuits being designed 
for processes utilizing a source voltage having a ?rst 
value; a switching circuit designed for use with a source 
of voltage of a second value greater than the ?rst value, 
the switching circuit comprising ?rst and second N well 
P channel ?eld effect transistor devices each having 
source, drain, and gate terminals, the source and drain 
terminals of each of the ?rst and second P channel 
transistor devices being connected in series between the 
source of voltage of a second value and an output termi 
nal; and means for biasing the ?rst and second P channel 
transistor devices whereby voltages less than break 
down voltages appear across junctions and oxide layers 
of such transistor devices when switching voltages are 
applied to such transistor devices. 

2. A computer system as claimed in claim 1 further 
comprising means for providing an enabling voltage to 
one of the ?rst and second P channel transistor devices, 
and 
means for switching the other of the ?rst and second 
P channel transistor devices to a conducting condi 
tion. 

3. A computer system as claimed in claim 2 in which 
the means for providing an enabling voltage to one of 
the ?rst and second P channel transistor devices com 
prises a ?rst conductor connected to the gate of one of 
the ?rst and second P channel transistor devices, and 

the means for switching the other of the ?rst and 
second P channel transistor devices to a conduct 
ing condition comprises a second conductor con 
nected to the gate of the other of the ?rst and sec 
ond P channel transistor devices and to the ?rst 
conductor. 

4. A computer system as claimed in claim 3 further 
comprising 

a plurality of N channel ?eld effect transistor devices 
at least two of which are joined in series to a source 
of voltage of a second level, the difference between 
the ?rst and second levels being greater than the 
junction breakdown levels of the N and P channel 
transistor devices; 

means connecting the output terminal to the N chan 
nel transistor devices so that no N channel transis 
tor device receives more than one-half of a voltage 
provided by the source of voltage of a ?rst level. 

5. A computer system as claimed in claim 4 in which 
the means connecting the output terminal to the N 
channel transistor devices so that no N channel device 
receives more than one-half of a voltage provided by 
the source of voltage of a ?rst level comprises a current 
limiting resistor. 

6. A computer system as claimed in claim 1 in which 
the means for , providing an enabling voltage to one of 
the ?rst and second P channel transistor devices com 
prises a ?rst conductor connected to the gate of one of 
the ?rst and second P channel transistor devices and to 
a third source of voltage, and 

the means for switching the other of the ?rst and 
second P channel transistor devices to a conduct 
ing condition comprises a second conductor con 
nected to the gate of the other of the ?rst and sec 
ond P channel transistor devices; and 

further comprising a source of input signals to the 
second conductor. 

7. A computer system as claimed in claim 6 in which 
the source of input signals to the second conductor 
comprises 
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a plurality of N channel ?eld effect transistor devices second conductor in a current mirroring arrange 
at least two of which are joined in series between a ment with the other of the ?rst and second P chan 
source of voltage of a second level and the second nel transistor devices having its gate terminal con 
input conductor, the difference between the ?rst nected to the second conductor, the third P chan 
and second levels of voltage being greater than the 5 nel transistor device being sized such that its drain 
junction breakdown levels of the N and P channel current is substantially less than the drain current 
transistor devices; of the other of the ?rst and second P channel tran 

a third P channel transistor device connected be- sistor devices. 
tween the source of voltage of a ?rst level and the * * * * * 
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